
OBSERVATIONS IN SIX CASES OF PAROXYSMAL

TACHYCARDIA

By W. E. HUME

With Plates 5-7

TACHYCARDIA is common amongst soldiers who have been sent to the Base
with the diagnosis of 'D. A. H.' or 'V. D. H.' In most cases the rapid heart
action is a simple tachycardia with a normal rhythm, and has none of the special
features which distinguish a true paroxysmal tachycardia. Amongst 2,400
patients sent with a diagnosis of 'D. A. H.' or' V. D. H.' six cases of paroxysmal
tachycardia have been discovered. They present certain interesting features
in that in all of them there was an absence of other signs of organic heart

disease, the paroxysms were readily induced by exertion, and the exciting focus
in the heart seemed to lie in the ventricular musculature. In order to discover
the immediate cause of the attacks, certain observations were made on the
nervous system, on the posture of the body, and on various drugs. For instance,
the vagus was stimulated by pressure in the neck and its inhibitory action was
removed by the paralysis of its nerve-endings by atropin; the sympathetic
system was excited by the intravenous injection of adrenalin chloride. Changes
in posture were utilized in an endeavour to ascertain the varying effects of
venoue'lpressure, and amyl nitrite was administered by inhalation in order to
discover the effect of lowering the peripheral arterial pressure.

In all cases polygraphic records were obtained, and I was enabled by the
kindness; of Capt. McIlwaine, R.A.M.C., to obtain electro-cardiographic records
in three of my patients.

Case I, aged 20, was admitted to the convalescent camp on Jan. 20, 1917,
and gave the following history. He had been 10 months in the Army and had
spent 5t months in France. Four years previously he had had diphtheria, and
during convalescence he began to suffer from attacks of palpitation, which were
frequent during the following year. He sought the advice of many doctors, who
told him there was nothing seriously amiss with his heart and that he would
outgrow the attacks, the nature of which was apparently not detected. During
the next three years the attacks were less frequent, and at the time of enlistment
he felt well. He stated that he managed to support his training in England,
though he had occasional attacks of palpitation. During the two months
previous to his admission to the convalescent camp the attacks had again
become more frequent, and as he had reported sick with them on two or three
occasions he had been given the lighter work of a signaller.

Previous health and habits. Beyond the attack of diphtheria four years
previously, he had been perfectly healthy, and at the time of enlistment he was

[Q. J. M., Jan., 1918.]



132 QUARTERLY JOURNAL OF MEDICINE

attending the courses of an agricultural student. There was no history of
scarlet fever or rheumatic fever.

On examiimaiion. A small, fresh-coloured individual, he was in no way
nervous or alarmed by the occurrence of the attacks. On examination of the
heart there was no enlargement and no murmurs could be detected. At rest
there was a slight sinus irregularity; the pulse-rate varied from 70 to 80 at
complete rest, and when going about the rate increased to 114.. At times he
complained of pain in the region of the heart on exertion.

The attacks. Attacks of paroxysmal tachycardia were easily caused by
exertion, such as a sharp run or quick marking time. Sometimes a sudden
movement, such as stooping to pick something from the floor, would bring on an
attack.

The onset of the attack was quite abrupt, and during it he lay down and his
face became slightly pale. Respiration was slightly increased and he was
conscious of the rapid beating of the heart, complaining of considerable prae
cordial discomfort. The attack usually lasted fifteen to twenty minutes, though
at times it would last as long as two hours. The end always came abruptly,
and in one beat the normal rhythm was restored.
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FIG. 1. Case 1. End of attack of paroxysmal tachycardia. Two waves C and V are found
in jugular tracing. To the right of the figure a normal A, C,V sequence is found.

Records were taken in many attacks, and Fig. 1 shows the termination
of a paroxysm. The attack ends suddenly, and the last three groups of the
venous pulse denote a normal A, 0, V complex. In each cardiac cycle there are
two waves in the jugular pulse which have been marked 0 and V. It is always
difficult to be certain of the interpretation of a tracing of the venous pulse when
the heart is beating rapidly, and various interpretations might be given of
Fig. 1. If the last two complexes of the paroxysm are considered, the hypo
thetical position of the wave A may be argued. There is no evidence of a separate
A. wave, but it may be buried in either C or V. If buried in C a larger wave
than that which occurs might have been expected, had the auricular and
ventricular contractions occurred at the same moment. The simultaneous con
traction of auricle and ventricle almost invariably gives rise to a single large
wave in the jugular tracing. The A wave may lie buried in V, and this leads to
two further interpretations. Therefore, secondly, the tachycardia may be of
auricular origin: in this case the A wave, denoting auricular contraction, which
governs 0 1, must be buried in V, and the A wave of the auricular contraction,
which governs 0 2

, must be buried in VI. If this is the correct interpretation of
the venous pulse a difficulty arises as to why there is no wave 0 3, evidence of
ventricular contraction, following the auricular wave which is assumed to be
buried in the wave V2: in this case it must be concluded that there is no
ventricular response "to this auricular contraction. Thirdly, the explanation may
be that there is a retrograde stimulation of the auricle from the ventricle, and it
must then be assumed that the A wave which immediately follows 0 1 is buried
in VI, and that the A wave which corresponds to 0 2 is buried in V2. Three
interpretations, therefore, have been given of this venous pulse. Firstly, by
a simultaneous contraction of auricle and ventricle giving rise to a single wave C.
The smallness of the C wave makes this interpretation unlikely. Secondly, an
A wave may be buried in the V waves preceding each C wave, assuming an
auricular tachycardia. Thirdly, that the A wave of each complex follows the
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corresponding C wave, assuming a retrograde stimulation of auricle from ven
tricle. A fourth possibility may be that the auricles are in a condition of
fibrillation and that the ventricles are contracting regularly from an abnormal
focus in their own musculature. Plate 5 is an electro-cardiogram of this patient
and shows the complexes in leads I, II, III.

In lead I R, S, T complexes are well marked, and in leads II and III
Rand T are alone prominent. It is impossible to identify a P wave. The
ventricular complexes have the form usually associated with premature beats
arising in the right and basal portion of the ventricular musculature. It will
be most convenient to discuss the characters of this electro-cardiogram after the
consideration of the other cases. In the meantime, attention may be drawn to
the fact that we are apparently dealing with a ventricular form of venous pulse,
and with ventricular complexes in an electro-cardiogram which suggest an origin
from below the auriculo-ventricular junctional tissues.
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CHART 1. Case I. Hesult of injection of atropin sulphate gr. io. Numerals
to the left indicate pulse-rates. Figures above indicate time.
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CHART II. Case I. Result of injection of adrenalin chloride. Figures to the left
indicate pulse-rates and blood pressures.
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Causation. of the attacks. The attacks were easily caused by exertion, such
as running or quick marking time, or by some sudden movement. As there
was no obvious valvular or muscular lesion it seemed advisable to investigate
the influence of the peripheral nervous system. 'The considerations which led to
this investigation were the following: It seemed possible that either the
removal of the vagal control of the heart or the direct stimulation of the sympa
thetic nerve might determine an attack. In order to remove the inhibitory
influence of the vagus irs gr. atropin sulphate was administered hypo
dermically and Chart I shows the result. No paroxysm was produced as the
result of complete removal of the vagal control, and the reaction was in every
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way normal. In order to directly stimulate the sympathetic nervous system
2! minims of a 1 in 1,000 sclution of adrenalin chloride were injected into the
median basilic vein of the arm. Chart II shows the result of the injection. The
heart-rate increased from 100 to 135 after t minute and then gradually slowed
to normal in 2! minutes, and the blood-pressure increased from 125 mm. Hg to
150 mm. Hg. This is a perfectly normal reaction} and the stimulation of the
sympathetic nerve to the heart did not produce a paroxysmal tachycardia.

Vagus in the 'neck, During an attack the vagus was pressed in the neck,
but all degrees of pressure were without influence on the rate of the paroxysm,
and the eyeball was also pressed without any influence on the rate of the heart.
Both these methods of stimulating the vagus produced marked slowing of the
heart when it was beating with a normal rhythm. During an attack the
abdomen was heavily pressed in an endeavour to drive the blood from the abdomen
into the thorax and in this way to assist the filling of the right auricle. On one
occasion the paroxysm stopped momentarily, to be continued after two normal
beats, and on another occasion it ceased altogether. There were occasions, how
ever, when no effect could be produced by this means.

Alterations of posture were tried, the head and trunk being placed at a lower
level than the legs, but this manceuvre did not apparently affect the rate.

The patient himself had said that sometimes he could bring an attack to an
end by suddenly stooping, and on one occasion, after all the above methods to
terminate a paroxysm had been tried, he stooped to fasten his bootlace and the
attack immediately ceased. This patient was eventually discharged to England.

Case II. This patient, aged 24, was sent to the convalescent camp with the
diagnosis of D. A. H. He had been complaining of palpitation for three weeks.
Three weeks previously a shell burst near him and immediately his heart seemed
to race, and since that time he had had short attacks of palpitation and was
short of breath.
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FIG. 2. Case II. Attack of paroxysmal tachycardia. In the jugular tracing are
two waves, C and V.

On examination no abnormality in the size or the sounds of the heart could
be detected, the rate was 104, and the rhythm was normal. He was a golf
groundsman in civil life and bad managed his training all right. After admission
to the convalescent camp he suffered from attacks of paroxysmal tachycardia.
He was seized with the first attack while he was engaged in sweeping the floor
in a Y.M.C.A. hut; he stooped suddenly and felt that his heart began to beat
fast and he became giddy. During his stay in the camp he had four similar
attacks. The second paroxysm seemed to occur after a deep .sighing inspiration,
while he was sitting on his bed quietly reading. The third occurred after having
awkwardly thrown himself on to his bed, and the fourth and fifth began after
a sudden stooping movement. He had not discovered any method of bringing
a paroxysm to an end. Besides the five attacks which came on spontaneously,
attacks could usually be brought on by exertion, such as running fifty yards, and
many paroxysms induced in this way were studied. Fig. 2 is a polygraphic
tracing of a paroxysm. As in Case I, there are two waves in the jugular pulse
and the same arguments for the interpretation of the waves hold in this case.
Unfortunately there was no opportunity of obtaining an electro-cardiogram in
this case. As in Case I, the same observations were made on the influence of
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the nervous system and posture, on the mechanism by which the attacks 'might
be produced or could be caused to cease.

..;~ gr. atropin sulphate was injected hypodermically and the rate increased
from 82 to 105 in less than one hour, but the release of the vagal control
did not produce a paroxysm. 2} minims of a 1 in 1,000 solution of adrenalin
chloride caused the usual quickening of the heart and increase in blood-pressure,
but this stimulation of the peripheral sympathetic nerves did not bring on an
attack. Various endeavours were made without avail to stop the paroxysms
such as by vagal pressure in the neck, pressure upon the eyeball, the swallowing
of cold water, and alterations in posture. Both pressure upon the right vagus
in the neck and upon the right eyeball slowed the heart, when beating with
a normal rhythm, by some 15-20 beats per minute, but both methods were with
out any effect upon the rhythm or rate of the paroxysm. Neither pressure upon
the abdomen nor any alterations in posture made any difference in the rate of
the tachycardia.

Case III. This patient had complained of palpitation after exertion for
twenty-one months, but he had not reported sick until six days before admission.
The attacks of palpitation had not been severe, though at times he had been
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FIG. 3. Case III. Attack of paroxysmal tachycardia. In the jugular tracing there
is a single wave, at times with a bifid apex.

FIG. 4. Case III. Jugular and radial tracings both show premature ventricular
contractions (2).

incapacitated by the accompanying giddiness. He had had an attack at intervals
of two to three weeks, which had usually lasted about two hours. Six days
before admission, while eating his supper, he stated that he had become suddenly
blind and that his heart began to beat very violently. Before enlistment he had
been a labourer and had enjoyed excellent health. On examination of the heart
there was slight apical tenderness; the rhythm, size, and sounds were perfectly
normal to the ordinary methods of examination. As in the two previous cases,
the attacks could usually, though by no means invariably, be induced by
exertion.

Fig. 3 is a polygraphic tracing from this case. The rate is approximately
265 per minute. There is usually a single wave in the jugular pulse, though at
times the apex of the wave is broken into two parts.

Again there is a ventricular type of venous pulse, and the arguments which
have been advanced in Case I are also applicable in this case. In the non
paroxysmal periods the normal A, 0, V rhythm was frequently disturbed by
the appearance of premature beats which arose from the ventricle. An example
of this rhythm is shown in Fig. 4. This tendency towards an increased
irritability of the ventricular musculature throws some light on the focus of
origin of the paroxysm. Plate 6 is a galvanometric record of this case. As in
Case I R, S, T complexes are distinct, but no P wave can be differentiated. The
further discussion of the type of paroxysm in this case is discussed later.
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On June 29, 1917, 2i minims of a 1 in 1,000 solution of adrenalin chloride
were injected into the median basilic vein, and Chart III represents the resulting
quickening of the heart and the rise in the blood-pressure. The injection of
adrenalin chloride did not produce an attack of paroxysmal tachycardia.
A capsule of amyl nitrite was inhaled, and the rate of the heart was quickened
from 78 to 150 beats per minute. The effect of the inhalation of oxygen and
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CHART III. Case III. Injection of adrenalin chloride. Figures on the left indicate
pulse-rates and blood pressure.

carbon dioxide were also observed. After the inhalation of oxygen for five
minutes the rate of the heart was increased from 64 to 66 beats per minute.
After respiring his own breath (carbon dioxide) for two minutes the rate quickened
from 68 to 76 beats per minute. None of these procedures caused a paroxysmal
attack. 10 gr. atropin sulphate increased the rate of the heart from 78 to 120
beats per minute, but did not produce an attack.

Case IV. Was admitted on June 1, 1917, and gave the following history.
One year before admission he had an attack of palpitation after running a foot
race, and this attack lasted eight to ten hours. Since that time he had had similar
attacks, which were said sometimes to continue for as long as eight days. He
complained also of shortness of breath on exertion and of pain in the region
of the heart during an attack of palpitation. In November 1916 he reported
sick, his chief complaint being of palpitation, and he spent two weeks at a con
valescent camp. On April 1, 1917, he again had to report sick, and was sent to
the transport lines, where he had worked until admission to the camp on June I,
1917. His civil occupation had been that of a farmer, and he had enjoyed
perfect health previous to enlistment. On examination the heart was apparently
normal to the ordinary methods of examination. There was no tenderness and
the rate was 80. The rhythm was quite regular; there was no enlargement and
the sounds were clear. As the history suggested that the palpitation might be
due to attacks of paroxysmal tachycardia he was made to run fifty yards; on
return it was obvious that an abnormal rhythm had been induced.

Fig. 5 is a record of the tracing. Unfortunately it was impossible to
obtain a record from the radial artery, and the polygraphic tracing shows an
inverted cardiogram. Again the venous pulse is of the ventricular type.
Plate 7 is the electro-cardiogram of this patient. The R, S, T (ventricular)
complexes in each of the three leads have the form of premature beats arising
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from the right and basal parts of the ventricle. Lead II is quite characteristic of
this type of premature beat. On June 29,1917, 2-! minims of 1 in 1,000 solution
of adrenalin chloride were injected into the right median basilic vein, and
Chart IV represents the result. This is a normal reaction, and similar to those
obtained in Cases I and III. As in the previous cases, this procedure did not
produce an attack of tachycardia; neither did the injection of lo gr. of atropin
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FIG. 5. Case IV. In the jugular tracing there are two waves, C and V.
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CHART IV. Case IV. Figures on the left indicate pulse-rates and blood pressure.

sulphate cause an abnormal tachycardia, the rate increasing from 60 to 110 and
the rhythm remaining normal. The inhalation of amy I nitrite increased the rate
from 84 to 108. The inhalation of oxygen diminished the rate of the heart from
94 to 78 and the respiration from 19 to 17; pressure upon the right eyeball
reduced the rate of the heart by six beats from 84 to 78.

Case V, aged 34, was admitted on April 22, 1917, with the following
history. Six weeks previously he had been seized with an attack of palpitation
while up the line. During the following month he had three similar attacks
which usually lasted about 2~ hours. The attacks had no apparent relation to
exertion, and the patient stated that the eating of hard food would determine an
attack. On April 21, 1917, he had two attacks in hospital without obvious cause.
He stated that he had been in civil hospitals on three occasions for the same
complaint. There was a history of scarlet fever in childhood.

The heart was normal to the ordinary methods of examination. There was
no praecordial tenderness, and the rhythm, size, and sounds of the heart were
normal.

On the third day after admission to the camp he had an attack of palpitation,
and Fig. 6 is a polygraphic tracing taken during the attack; the rate is 260
and there is a single wave in the jugular pulse, the whole of which falls within
the period of ventricular systole. No electro-cardiogram was taken in this case.
Attacks of paroxysmal tachycardia could not be produced by any form of
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exertion whilst he was in the convalescent camp. The injection of 2! minims
of 1 in 1,000 solution of adrenalin chloride produced a normal reaction (Chart V).
After the injection of -/0 gr. atropin sulphate the heart quickened from 78 to
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FIG. 6. Case V. There is a single wave in the jugular tracing during an attack of
paroxysmal tachycardia.
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CHART V. Case V. Figures on the left indicate pulse-rates and blood pressure.
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109 beats per minute. The attacks of paroxysmal tachycardia in this case were
less influenced by exciting causes, such as exertion and emotion, than was the
case in the previous patients.

Case VI, aged 40, was admitted on August 1, 1917, with the following
history. Fifteen years previously he was seized with an attack of palpitation at
a football match, and the attack lasted about Ii hours. After this occasion he
was liable to similar attacks whenever he played football or cricket, and on this
account he had to give up the regular playing of these games. As he had
a sedentary occupation as a clerk, he could escape attacks of tachycardia by the

FIG. 7. Case VI. Attack of paroxysmal tachycardia. In the jugular tracing there
is a single wave, sometimes bifid.

avoidance of excessive exertion. Since enlistment the attacks had been more
frequent, and especially since coming to France, where he was subjected to
excitement as well as increased effort. He had been in France for eight months,
and during the first fourteen days in the line he had two attacks, and on this
account was sent to the Base as a case of shell-shock. Six weeks later he rejoined
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his battalion, and as the attacks became frequent, due as he thought to the effects
of heavy shelling, he was sent to work on the roads. He managed this work
an right until one day he was shelled and he had an attack. This led to his
being sent to the Ease and to the convalescent camp. On examination the heart
was apparently normal; there was no tenderness of the chest-wall, and the size
and sounds of the heart were normal. The rate at rest was 60. On August 17,
]917, an attack came on while pla.ying on the football field, and the polygraphic
tracing shown in Fig. 7 was taken. The rate is approximately 183. There is
a single wave in the jugular tracing and the whole of the wave falls within the
period of ventricular systole. No opportunity offered of taking an electro
cardiogram in this patient during an attack. An electro-cardiogram taken in
a non-paroxysmal period shows normal P, R, S, T complexes. No further
observations were made on this patient.

Di8CU~8 ion.

Six cases of 'paroxysmal tachycardia' in soldiers in France have been
described, and the observations which could be made upon them under con
ditions such as exist in a convalescent camp have been briefly noted.

A study of the histories makes it clear that three of the patients had suffered
from attacks of paroxysmal tachycardia before enlistment (Cases I, IV, and VI).
In no case was there any evidence of valvular disease of the heart, nor could any
infection be traced as the cause of any pathological change in the heart except
in Case I: in this case diphtheria had undoubtedly caused a pathological change
in the heart muscle which brought about the liability to attacks of paroxysmal
tachycardia. In four of the cases attacks could be readily induced by com
paratively slight exertion, and it is noteworthy how little general embarrassment
the attacks caused.

In view of the fact that there was no gross valvular or muscular disease of
the heart, it appeared possible that the attacks migbt be easily induced by
stimulation or depression of the controlling nerves of the heart. Prompted by
this consideration, the inhibitory action of the vagus was removed by the injection
of atropin sulphate and the sympathetic nerve was stimulated by the injection
of adrenalin chloride. In no case did these methods of altering the nervous
control of the heart bring about a paroxysmal attack, On each occasion the
response was such as is known to occur normally. Nor did alterations in
pressure or in the volume of the peripheral circulatory system produce attacks:
thus the response to inhalations of amyl nitrite was perfectly normal.

Endeavours were made to increase the venous filling of the right side of the
heart by pressure on the abdomen and alterations in posture. On one occasion
in Case I a momentary stoppage of the paroxysm seemed to be caused by firm
pressure on the abdomen. Two of the patients had discovered that flexion of the
thighs upon the abdomen with the head downwards, together with a squeezing
of the abdomen by the thighs, would on occasions bring a paroxysm to an end.
Inhalations of oxygen and carbon dioxide merely caused slight alterations in
pulse-rate.

[Q. J. Mo, Jan., 1918.) L
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It was possible to obtain polygraphic records of the six cases, and in Case I
the termination of an attack was recorded. The six venous pulses have very
similar characteristics: in each there are either one or two waves which fall
within the period of ventricular systole, and in none can a separate A wave,
evidence of auricular contraction, be detected.

It was hoped that galvanometric records would help the elucidation of the
focus of origin of the tachycardia. The R, S, T complexes in Plate 7 have the
form associated with premature beats arising in the ventricular musculature.
The complexes in Plate 5 suggests this origin also.

A consideration of the venous pulses and the electro-cardiographic records
suggests that we are dealing with tachycardias of ventricular origin. What is
the state of the auricles duririg the paroxysm ~ First, there may be a retrograde
stimulation of the auricle from the ventricle: in this case in the venous pulse
there is an A wave buried in the V wave, and in the electro-cardiograms a P wave
is buried in the T wave.

A second suggestion would be that the auricles are in a condition of fibrilla
tion and that the ventricles are responding }'egularly to an initiating focus in
their own musculature. That the origin of the paroxysm is in the ventricular
musculature is supported by the appearance of frequent extra-systoles in CasellI
during the non-paroxysmal periods.

Summary.

1. Six cases of paroxysmal tachycardia have been described whose pacemaker
lies in the ventricular musculature.

2. Attacks of paroxysmal tachycardia were caused at will by exertion in
four cases.

3. Stimulation of the peripheral sympathetic system and stimulation and
depression of the vagus did not produce attacks of paroxysmal tachycardia.

4. The effects of the inhalation of amyl nitrite, oxygen, and carbon dioxide
were recorded.

5. In no case was there any evidence of valvular disease or gross patho
logical changes in the heart muscle.

I desire to express my gratitude to Major Campbell, D.S.a., RA.M.C., for
permission to publish an account of the above patients, who were inmates of the
convalescent camp under his command.

I am obliged to Capt. Marris, R.A.M.C., for the observations on the effects of
the inhalation of oxygen and carbon dioxide, and to Major Hay, R.A.M.e., T.F.,
for discussing the problems suggested by these cases.
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Plate 5. Case J. All three leads show R, S, T (ventricular) complexes
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Plate 7. Case IV. R, S, T complexes are seen in each lead




